Less clear effects of deficiency/excess of copper, one of the most important micronutrients, in cellular processes: respiration, antioxidant defense, formation of connective tissue, neurotransmitter 48 synthesis, neuropeptide processing, iron transport and others, require copper as a co-factor for their 49 activity [10, 11] . Moreover, copper operates as a secondary messenger in some signaling ways [12] . In 50 adult mammals, copper deficiency or excess of copper from dietary factors are rarely observed.
51
However, it can be developed from surgical removal of the small intestine, genetic disease, diseases 52 which alter micronutrient metabolism [13, 14] . The inherited defects in copper transport cause the 53 development of both copper deficiency and accumulation simultaneously because the loss of copper 54 from transporting proteins results in copper accumulation in inappropriate cellular compartments 55 and the deficiency of bioavailable copper. As a result, copper dyshomeostasis is developed [15] . The 56 liver and the brain, the organs with the most intensive copper metabolism, are affected first by the 57 defects of copper transport. In these organs, signs of toxic copper accumulation and cuproenzyme 58 deficiency manifest earlier compared to other organs.
59
In newborns, the mechanisms for excreting copper through bile and controlling copper 60 absorption in the small intestine do not operate [16] . Therefore, dietary factors may cause copper 61 misbalance in the early stages of postnatal development. Copper deficiency in the food of pregnant
62
and nursing females caused a lack of cuproenzyme activity, multiple developmental aberrations,
63
teratoma formation, and death among fetuses or offspring during the early postnatal stages [17, 18] .
64
In babies, fed cow's milk that has much lower concentration of copper than human milk, copper- 
94
The native tertiary structure of cuproenzymes is formed during successful metabolic insertion
95
of copper ion(s). The removal of copper from holoenzymes in vitro, or defects in the processes of 96 metalation of apo-enzymes in vivo can cause disruption of the tertiary structure and loss of catalytic
97
functions [36] . Therefore, copper is considered both as a catalytic and structural cofactor of 98 cuproenzymes.
99
In the past few years, evidence has been accumulated for the existence of regulatory role of 100 copper, and this role remained elusive for a long time although the first evidence for the involvement
101
of copper in the regulation of endothelial cell growth was obtained almost 40 years ago [37] . Recently,
102
it was shown that intracellular and local extracellular changes in copper concentration influence the 103 activity of transcription factors NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells copper is accumulated and from which it is liberated on demand and copper-regulated sensors
115
should exist. In the cell, two copper pools that may take part in rapid local change of copper 116 concentrations exist (Table 2) . 
117

181
The CTR2 protein (low affinity copper transporter 2) is homologous to CTR1 through its primary 
267
In adult mammals, the brain, like the liver, is organ with the high copper concentrations [114] . 
306
Concentration of milk Cp is the highest in colostrum and decreases during lactation [129] [130] [131] .
307
In mammary gland cells, strong and rapid upregulation of the Cp gene as well as the Ctr1 and
308
Atp7b genes, which provide Cp metalation, is observed shortly before the end of gestation [132] .
309
During lactation, the expression levels of Cp, Ctr1 and Atp7b genes gradually decrease according to . In rats, which were fed analogous milk formula during 1-9 days of life, the transition from ETCM to ATCM occurred on the fifth day of life, that is, seven days earlier than in nursed rats (Table 4, 
416
The delayed effects of impairments of copper homeostasis in early infancy remain poorly 417 studied. If this problem is ignored, there is a risk that it will impact the development of intellectual 
